Qualitative composition and content of phenolic compounds in the liquid extract obtained from plum fruits have been studied. Five phenolic substances were found, as gallic acid, three hydroxycinnamic acids and rutin. The dominant substance was neochlorogenic acid (2320±42 mg/kg). Phenolic substances were identified in the extract and their amount determined by HPLC. Diuretic activity as diurnal spontaneous diuresis and forced diuresis, hypouricosemic and the membrane-stabilizing effects of plum liquid extract and its influence on the rheological properties of blood were studied.
INTRODUCTION
The plant Prunus domestica L., family Rosaceae is widely cultivated in Ukraine and Bulgaria. The recent studies showed that fruits have antioxidant, anticancer, antihyperglycemic, anti-hyperlipidemic, antihypertensive, antiosteoporosis, laxative and hepatoprotective activities [1, 2] . Plant polyphenols are prospective for the study because they have a wide range of pharmacological activity and play a leading role in the regulation of oxidative balance in the human body [3] . Obtaining of extract from Prunus domestica L. fruits, investigation its polyphenolic composition and pharmacological effects can help further creation of new effective drugs or food supplement with low toxicity.
Therefore, the aim of our research was the determination of the phenolic compounds in plum fruits liquid extract and its toxicity, diuretic hypouricosemic, membrane-stabilizing effect and influence on the rheological properties of blood.
MATERIALS AND METHODS
The object of the study was an extract obtained from Prunus domestica fresh fruits 'vengerka" variety harvested in September, in Kharkiv region in 2016.
0,5 kg of fruits were splitted, stones were removed, and fruits were comminuted to puree. 400 g of puree was mixed with 800 ml of water in the flask, and the mixture was centrifuged. Liquid part was decanted into flask, concentrated to 600 ml and 1800 ml of 96% ethyl alcohol were added and mixed. The precipitation was separated. Liquid part was concentrated to 400 ml, and alcohol was eliminated. The plum fruits liquid extract (PFLE) was divided into two equal parts and used for chemical analysis as well as for pharmacological research.
For preliminary identification of biologically active substances in PFLE paper chromatography (PC) and thin layer chromatography (TLC) were used. TLC study was carried out in the solvent systems such as formic acid anhydrous -water -butanol (16:19:65), glacial acetic acid -water-ethyl acetate (20:20:60), butanol -glacial acetic acid -water (4:1:2) and 15 % acetic acid. Analysis was performed on the TLC plates with a layer of F254 Merck silica gel, 20x10 cm on a glass substrate. For identification of hydroxycinnamic acids obtained chromatograms were treated by a solution of aminoethyl ester of diphenyl boric acid in methanol and then macrogol solution and after that, the plate was heated at a temperature of 100-105 °C for 10 min and viewed in daylight [4, 5] . For identification, phenolic compounds ammonia solution and azo coupling reagent were used. Presence of organic acids was confirmed by PC analysis in the solvent systems ethyl acetate-acetic acid-formic acid-water (100: 11: 11: 25); ethanol -chloroform -ammonia -water, (70: 40: 20: 2); ethyl acetate -formic acid -water, (3: 1: 1) with standard samples of organic acids. Chromatograms were treated with a solution of bromophenol blue and methyl red and heated in a drying cabinet at a temperature of 105°C. Organic acids appear as yellow spots on a blue background [6] . Composition and content of phenolic compounds in PFLE also were studied with Shimadzu HPLC-system, ser. 20, completed with diode array detector [7] [8] [9] . For analysis chromatographic column 250 × 4,6 mm, filled sorbent grained 5 microns, "Phenomenex Luna C18" was used. The wavelength of detection of hydroxycinnamic acids was 330 nm, and flavonoids -370 nm, the temperature of the thermostat was 35°C; mobile phase flow rate -1 ml / min, the operating pressure of the eluent was 240-300 kPa. Gradient regime of chromatography is given in table 1. Parameters of analysis were the scale of measurement -1.0; scan time -0.5 seconds; options metering spectrum -each
The flavonoids, hydroxycinnamic acids were quantified by calibration with the standards. Volume of the entered sample was 5 ml and analyzed in triplicate. The statistical processing of results was carried out with package Statistica 6.0. The error did not exceed 5%.
The pharmacological research was performed in accordance with "The General Ethical Principles of Animal Experimentation" (Ukraine, 2001), which are consistent with the provisions of "The European Convention for the Protection of Vertebrate Animals Used for Experimental and Other Scientific Purposes" (Strasbourg, 1986) [10, 11] .
The safety of PFLE was studied with an investigation of acute toxicity with white rats after single intragastric administration of PFLE for determination the LD50 dose in accordance with Ukraine guidelines [11] . The limiting measure in the determination of the LD50 was the maximum dose of fourth-grade toxicity (low-toxic substances) -5000 mg/kg [11] . So, 24 white rats (male and female) were randomized into 2 groups: 1-st group of Intact Control (IC) -6 males and 6 females rats that used solvent (water), 2-nd group -6 males and 6 females rats that used PFLE in dose 5000 mg/kg. The animals were observed for 14 days.
A unified methodical scheme was used to determine the dynamics of diuresis, to study the effect of PFLE on the state of the urinary system and thereby to determine the presence of diuretic and hypouricosemic activity [12] . Diuretic activity was studied in terms of diurnal spontaneous diuresis and forced diuresis (with a liquid load in a volume of 3 % of animal's body weight, which was done 1 hour after the use of PFLE) in rats. Spontaneous diuresis was studied at 1-st day of the study after a single dose and 20-day intragastric administration of PFLE in a dose of 5 ml/kg. After 2-nd and 21-st days from the start of the experiment, immediately after the study of spontaneous diuresis, forced diuresis was studied after a 2-nd and 21-st intragastric administration of PFLE in a dose of 5 ml/kg. In the same mode, the control group of rats received an equivalent amount of solvent (drinking water). In the study of spontaneous diuresis for the collection of urine, the rats were placed in metabolic cages for 24 hours and in the study of forced diuresis -for 3 hours [12] . At the end of the experiment, animals were subjected to euthanasia according to ethical requirements when working with laboratory animals and collected blood for serum production. The concentration of creatinine and uric acid was determined with the biochemical set of reagents ("Filisit", Ukraine) in urine and serum. Excretion of creatinine and uric acid was calculated by the formula [13] . According to the method presented in [14] , the velocity of glomerular filtration and relative reabsorption of fluid were calculated.
The influence of PFLE on the rheological properties of blood was investigated because the removal of excess fluid from the body can cause increasing blood density and the risk of thrombosis. After randomization, the animals had intragastric administration of water (IC group) and PFLE in a dose of 5 ml/kg (PELE group) during 3 weeks. At the end of the experiment, after the incision of the tip of the tail of the rats, the time of coagulation of the first drop of blood was determined [15] . It was determined the ability of PFLE to reduce the time of blood coagulation in rats compared to IC and expressed in percentage (%).
The study of the influence of PFLE on the state of cell membranes was performed under conditions of spontaneous hemolysis of erythrocytes of rats according to Jager F.C. [15] . After randomization, 2 groups of animals received intragastrically PFLE in a dose of 5 ml/kg (PELE group) and equivalent amount of solvent (water) (IC group) for 3 weeks. Further, the determination of the degree of hemolysis of erythrocytes was carried out by the method [15] . The membrane-stabilizing effect of PFLE was determined by the ability to prevent damage of the erythrocyte membrane and was evaluated by changing the number of rat's hemolysed erythrocytes in compared to the IC group and expressed as %.
RESULTS
After our preliminary study of PFLE by TLC and PC, it was confirmed the presence of organic acids (malic, citric) peak of 190-600 nm. [5, 8] . Each peak detected in the PFLE was identified by comparing retention time and UV spectra given by diode array detector with the standards. hydroxycinnamic acids and flavonoids (anthocyanidins). As a result of the study of PFLE by HPLC 5 phenolic compounds were determined. Graphical results can be seen in figure 1.
The predominant component was neochlorogenic acid. The total amount of determined compounds was 2858 mg/kg. Among the biologically active substances of PFLE were found organic acids, hydroxycinnamic acids, which are characterized by an antioxidant, anti-inflammatory, membrane-stabilizing, cytoprotective and organo-protective effects that can restore the density of biomembranes and funcThe amount of determined compounds was given in mg/kg ( Table 2) .
Fig. 1. The graphical result of HPLC investigation of phenolic compounds of PFLE
tional activity of cells, tissues, organs, systems and the organism as a whole. Taking into account the above, it was expedient to study the influence of PFLE on the functional state of cell membranes in the conditions of erythrocyte hemolysis in rats and the ability to exhibit membrane-stabilizing activity. The results of the pharmacological study can be seen in tables 3-6. Hemolytic action,% -14,0
Note: * -rejection rate is likely related to the group of data of intact controls, p<0.05 Table 6 . Three-week influence of PFLE on the state of rat cell membranes in the model of erythrocytes spontaneous hemolysis by Jager F.C.
Indicators
Intact control (IC) PFLE,5 ml/kg Degree of erythrocytes hemolysis,% 10,36±0,74 6,93±0,72* Membrane-stabilizing activity,% -33
Note: * -rejection rate is likely related to the group of data of intact controls, p<0.05
DISCUSSION
The results of the research allowed determining the total amount of phenolic compounds, studied by HPLC, in the plum fruits extract, which comprised 2858 mg/kg, among which the content of hydroxycinnamic acids was 2771 mg/kg, while flavonoids were found in minor quantities.
The correlation of hydroxycinnamic acids to flavonoids in the fruits somewhat differed from the result previously obtained by us while studying the chemical composition of plum leaves [5] . The ratio of hydroxycinnamic acids to flavonoids in the leaves was 2: 1 [5, 3] . The determined antioxidant activity of the plum leaves extract was probably due to the high content of hydroxycinnamic acids along with flavonoids [5] . This hypothesis is based on the results of the in vitro and in vivo research that have demonstrated the chlorogenic acid to possess the antioxidant activity; it protected granulocytes from the oxidative stress [16] .
The extract we obtained is non-toxic since at a dose of 5000 mg/kg the death of animals was not registered, thus, PFLE at intragastic administration can be ascribed to the V toxicity class (almost non-toxic substances) [15] .
At the background of spontaneous diuresis PFLE did not change the diuresis volume and diurnal diuresis after intragastric administration at a dose of 5 ml/kg during 21 day (3 weeks) compared to IC (Table 3) , though at the beginning of the experiment the increase of urine volume in animals by 47,1% against the IC group (p <0,05 ) and diurnal diuresis by 43,6% (p <0,05) was observed (Table 3) . PFLE might only eliminate the excess water without disturbing the body water balance. However, under the conditions of forced diuresis PFLE was found to show no influence on the diuretic activity after one-time application but suppressed it after prolonged administration (Table 4) . After 3 weeks of administration PFLE caused significant decrease of the urine volume by 37% (p <0,05) and diurnal diuresis by 55% (p <0,05). This result is confirmed by the glomerular filtration speed reduction by 64% compared to the initial data and the IC data (Table 4) . Hence, under the condition of forced diuresis on the long-term PFLE administration the stress in the function of kidneys is observed and the filtration ability of kidneys is changed, the reabsorption is suppressed, which is extremely important in the gout treatment.
Besides that, the content of creatinin and uric acid in serum and urine, which are the markers of the nitrogen balance and the purine metabolism respectively, was studied in our experiment (Table 3-4) . Concerning spontaneous diuresis, after one-time and 3-weeks administration PFLE has shown that the increase of creatinin in urine was 1.1 times (p <0,05) and 3.2 times (p <0,05) higher compared to IC (Table  3) . Under the condition of forced diuresis a single PFLE dose increased the creatinin level in urine and stimulated the increase of creatinin excretion values twice (p <0,05) compared to IC (Table 4) . After 3 weeks of PFLE administration the creatinin excretion and the speed of glomerular filtration were respectively 1.43 times (ð <0,05) and 2.8 times (p <0,05) lower compared to IC. In 3 weeks PFLE 1.4 times (p <0,05) decreases the uric acid level in urine, and 1.6 times (p <0,05) stimulates the increase of uric acid excretion values compared to IC (Table 4). These results have shown a strong capacity of PFLE to eliminate creatinin and uric acid (pathogenic products of nitrogen and purine metabolism respectively) from the body, the presence of hypouricosemic activity, and allowed recommending PFLE in gout treatment.
The research on the impact of PFLE on the blood rheological properties has shown that PFLE caused the extension of blood coagulation time by 14% (p <0,05) compared to IC (Table 5 ). This is indicative of the possible antiaggregant and anticoagulant properties of PFLE.
The ability of PFLE to prevent damage of erythrocytes cell membranes and significantly (1.5 times, (p <0,05)) decrease the level of erythrocyte hemolysis compared to IC (Table 6) was detected. The PFLE membrane-stabilizing activity comprised 33% (p <0,05) (Table 6 ), which allows expecting its cytoprotective, antioxidant and metabolic properties, as well as positive impact on the body cells functioning (e.g., blood cells, kidney cells, liver cells, etc.). These properties may be explained by the fact that PFLE contains phenolic compounds, such as hydroxycinnamic acids, with proven antioxidant and cytoprotective activity [16] . Thus, the results of pharmacological research show the diuretic, hypouricosemic, membrane-stabilizing activity of PFLE and its positive impact on the blood rheological properties, which allows recommending PFLE for further research for the creation of a new agent for gout treatment.
CONCLUSIONS
The study of the chemical composition of PFLE was carried out using PC, TLC and HPLC methods. The prospects of creating a new agent with hypouricosemic, membrane-stabilizing effects were proven. The results obtained will be further used in the PFLE standardization and further pharmacological research on its activity.
